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(54) VEHICLE CONDITION DETECTION AND WARNING SYSTEM

(67)  Described herein is a vehicle system configured
to identify and mitigate inappropriate driving behavior. In
some embodiments, the vehicle system may receive in-
put information from one or more input sensors. The ve-
hicle system may identify driving behaviors related to a
vehicle from the received input. The vehicle system may
determine whether the driving behaviors are inappropri-
ate in light of one or more conditions affecting the vehicle.
Upon identifying inappropriate behavior, the vehicle sys-
tem may generate a set of corrective actions capable of
being executed to mitigate the inappropriate driving be-
havior.
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Description
BACKGROUND

[0001] Road conditions can often make driving on
roads unsafe. In some cases, certain driving behaviors
exhibited by a driver may increase the dangers posed by
a driving condition. Additionally, it is often difficult for a
driver to assess a proper means of traversing conditions
affecting the vehicle. For example, the driver may not
have sufficient experience with driving in icy conditions
to determine a safe traveling speed for such conditions.
In some cases, it may be beneficial to warn a driver that
a driving behavior is inappropriate or dangerous.

SUMMARY

[0002] The present disclosure solves these and other
problems with the current technology. In particular, the
disclosure provides a vehicle system capable of identi-
fying and mitigating inappropriate driving behavior. The
vehicle system may identify driving behaviors related to
a vehicle and determine whether the driving behaviors
are inappropriate in light of one or more conditions af-
fecting the vehicle. Upon identifying inappropriate behav-
ior, the vehicle system may generate a set of corrective
actions capable of being executed to mitigate the inap-
propriate driving behavior.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Various embodiments in accordance with the
present disclosure will be described with reference to the
drawings, in which:

FIG. 1 depicts one or more components that may be
included in a vehicle system in accordance with at
least some embodiments;

FIG. 2 depicts system or architecture in which tech-
niques for assessing driving behavior with respect
to vehicle conditions may be implemented in accord-
ance with the disclosure;

FIG. 3 depicts an illustrative flow diagram illustrating
a process for correcting driver behavior in accord-
ance with at least some embodiments;

FIG. 4 depicts an illustrative flow chart showing a
process that may be performed at a server external
to a vehicle in accordance with at least some em-
bodiments;

FIG. 5 depicts an illustrative example implementa-
tion of the vehicle system in accordance with at least

some embodiments; and

FIG. 6 depicts an illustrative flow diagram showing
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a process for identifying and correcting inappropriate
driving behavior in accordance with at least some
embodiments.

DETAILED DESCRIPTION

[0004] In the following description, various embodi-
ments will be described. For purposes of explanation,
specific configurations and details are set forth in order
to provide a thorough understanding of the embodiments.
However, it will also be apparent to one skilled in the art
that the embodiments may be practiced without the spe-
cific details. Furthermore, well-known features may be
omitted or simplified in order not to obscure the embod-
iment being described.

[0005] Prior to discussing specific embodiments of the
invention, some terms may be described in detail.
[0006] A "driving behavior" may be any driving pattern
exhibited by a vehicle, whether initiated by an operator
of the vehicle or not. In some embodiments, a driving
behavior may comprise a speed at which the vehicle is
traveling, a curvature of the vehicle’s travel, a direction
of the vehicle’s travel, a sideways movement of the ve-
hicle, and/or any other suitable vehicle movement indi-
cation.

[0007] A "vehicle system" may be any system compris-
ing various components of a vehicle as well as any de-
vices external to the vehicle that are configured to provide
data to the vehicle. For example, a vehicle system may
include a number of input sensors, a processor device
capable of processing data from the input sensors, a
service provider computer configured to perform one or
more calculations with respect to the vehicle, a transmis-
sion means (e.g., awireless platform) forenabling access
between the processor device and the service provider
computer, and any other suitable component.

[0008] A "set of corrective actions" may be any set of
instructions determined to result in at least a partial re-
duction of the occurrence of one or more driving behav-
iors. A set of corrective actions may include one or more
instructions to provide notifications and/or one or more
instructions to initiate an action. For example, a set of
corrective actions may include an instruction to provide
a warning to an operator of a vehicle that the driving be-
havior is being exhibited. In another example, the set of
corrective actions may include an instruction that causes
the vehicle’s braking system to activate, slowing the ve-
hicle. In some embodiments, the set of corrective actions
may include a number of instructions, each of which is
separately determined to resultin a reduction of the iden-
tified driving behavior. For example, the set of corrective
actions may include instructions that cause an increase
to the sensitivity of the vehicle’s braking system as well
as instructions that cause a decrease to the sensitivity
of the vehicle’s throttle system. In some embodiments,
the instructions included in a set of corrective actions
may be ordered or associated with timing data. For ex-
ample, a set of corrective actions may include instruc-



3 EP 3 188 154 A1 4

tions to provide a notification, wait some period of time,
determine whether the notification was successful in re-
ducing the driving behavior, and perform a second action
if the notification was not successful in reducing the driv-
ing behavior.

[0009] A "vehicle function component" may be any de-
vice capable of executing at least one function of a ve-
hicle. For example, a master cylinder is a vehicle function
component that executes a vehicle’s braking function by
applying hydraulic pressure to a brake disk. In some em-
bodiments, the master cylinder may be signaled to exe-
cute the vehicle’s brakes by a processor device. In some
embodiments, the hydraulic pressure of the braking sys-
tem may be increased at the master cylinder in order to
increase the amount of braking force applied to the brake
disk in response to an amount of movement of the brake
pedal.

[0010] In some embodiments, a vehicle system may
include a service provider computer (the provider of the
service related to the vehicle system) and one or more
vehicles. One or more input sensors located within a ve-
hicle may collect information related to the vehicle. Upon
receiving the input from the vehicle, a service provider
may identify one or more driving behaviors exhibited by
the vehicle. In addition, the service provider computer
may identify one or more conditions that impact the ve-
hicle. For example, the service provider may identify
weather conditions that affect the vehicle.

[0011] Upon identifying driving behaviors exhibited by
the vehicle, the service provider may determine whether
the exhibited driving behavior is appropriate with respect
to the identified conditions. If the service provider deter-
mines that the driving behavior is inappropriate in light
of the conditions, then the service provider may generate
a set of corrective actions calculated to mitigate the in-
appropriate driving conditions.

[0012] FIG. 1 depicts one or more components that
may be included in a vehicle system in accordance with
at least some embodiments. For example, a vehicle 102
configured tointeract with the vehicle system may include
a processor device 104, a number of input sensors 106
capable of collecting various types of input, a location
sensor 108 (e.g., a global positioning system device),
one or more output devices 110, an antenna device ca-
pable of enabling communication between the processor
device 104 and one or more external components, and
one or more vehicle function components 114 configured
to interact with a vehicle function.

[0013] Inaccordance with atleast some embodiments,
the processor device 104 included in the vehicle system
may comprise any type of computing device capable of
performing computations and executing machine exe-
cutable instructions written in any suitable programming
language. In some embodiments, the processor device
may include an operating system and a basic input/output
system (BIOS) configured to enable interaction between
the operating system and one or more attached devices.
[0014] Inaccordance with atleast some embodiments,
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the input sensors 106 included in the vehicle system may
comprise any device capable of collecting data related
to one or more vehicle conditions and reporting the data
(or a processed form of the data) to the processor device.
Some non-limiting examples of an input sensor may in-
clude an accelerometer, a camera, a microphone, a ther-
mometer, a speedometer, a humidity sensor, a tire pres-
sure gauge, a pressure sensor, or any other suitable
sensing device.

[0015] Inaccordance with atleast some embodiments,
the location sensor 108 included in the vehicle system
may comprise any device capable of ascertaining a lo-
cation of the vehicle. For example, the location sensor
may be a global positioning system (GPS) device. In an-
other example, the location sensor may be a signal trans-
mitter whose location may be determined by using a mul-
tilateration process on multiple radio signals output by
various radio towers. In some embodiments, the location
sensor 108 may continuously provide location data to the
processor device 104. In some embodiments, the loca-
tion sensor 108 may provide location updates to the proc-
essor device 104 periodically.

[0016] Inaccordance with atleast some embodiments,
the output devices 110 included in the vehicle system
may comprise any device capable of providing a notifi-
cation to an operator of a vehicle. In some embodiments,
the output devices 110 may include a speaker and the
notification may be provided as an audio notification. In
some embodiments, the output devices may include a
display device and the notification may be provided as a
visual notification. For example, the notification may be
provided as text and/or an image on a display screen of
the display device.

[0017] Inaccordance with atleast some embodiments,
the antenna 112 included in the vehicle system may com-
prise any device capable of enabling wireless communi-
cation between the processor device and another elec-
tronic device. In some embodiments, the antenna may
enable communication between the processor device
and another electronic device via a wireless local area
network (WLAN) such as Wi-Fi. In some embodiments,
the antenna may enable communication between the
processor device and another electronic device via a
wireless communication network (e.g., 3G, 4G, etc.).
[0018] Inaccordance with atleast some embodiments,
the vehicle function component 114 included in the ve-
hicle system may comprise any device capable of exe-
cuting at least one function of a vehicle. In some embod-
iments, the vehicle function component may activate or
deactivate one or more functionalities of the vehicle. In
some embodiments, the vehicle function component may
be configured to cause a sensitivity or other value asso-
ciated with a vehicle functionality to be adjusted. For ex-
ample, the vehicle function component may be used to
increase the sensitivity of the brake pedal of the braking
system (by adjusting the amount of braking force applied
to a brake disk in response to an amount of movement
of the brake pedal).
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[0019] FIG. 2 depicts system or architecture in which
techniques for assessing driving behavior with respect
to vehicle conditions may be implemented in accordance
with the disclosure. In some examples, a vehicle 202 may
include a processor device 204. In some embodiments,
the processor device 204 may be configured to commu-
nicate with a service provider computer 206 via a network
208, or via other communication connections.

[0020] The processor device 204 may be any type of
computing device capable of performing the described
functions. The processor device 204 may include one or
more processors 210 capable of processing input from
one or more input sensors 212. As is known in the art,
there are a variety of input sensors 212 capable of de-
tecting input related to a user or vehicle conditions, such
as accelerometers, cameras, microphones, thermome-
ters, speedometers, etc. The input obtained by the input
sensors 212 may be from a variety of data input types,
including, but not limited to, audio data, visual data, or
biometric data. Programmatic code for an application or
module utilized in the implementation of at least some
embodiments may be stored and executed from the
memory 214 of processor device 204. The processor de-
vice 204 may include a module for processing input in-
formation collected from one or more input sensors 212
(input collection module 216) and/or a module for exe-
cuting one or more actions intended to curb specified
driving behavior (behavior correction module 218).
[0021] Turning to the contents of the memory 214 in
more detail, the memory 214 may include the one or more
application programs or services for implementing the
features disclosed herein, including an input collection
module 216 and/or a behavior correction module 218.
[0022] Insome embodiments, aninput collection mod-
ule 216 may be configured to receive input information
from one or more input sensors and identify information
to be provided to the service provider computer 206. In
some embodiments, one or more input types may be
continuously provided to the service provider computer
206. In some embodiments, some input types may only
be provided to the service provider computer 206 under
specified conditions. For example, in some embodi-
ments, the input detected by one or more input sensors
212 may be provided to the service provider computer
206 if it is associated with a value above (or below) a
threshold value. In some embodiments, values associ-
ated with input from one input sensor may only be pro-
vided to the service provider computer 206 upon deter-
mining that a value associated with input from a second
input sensor is above (or below) a threshold value. In
some embodiments, values obtained from an input sen-
sor may be provided to a service provider computer 206
upon determining that the values are abnormal. In some
embodiments, values associated with input from an input
sensor may be provided to the service provider upon re-
ceiving a request for the value from the service provider.
[0023] In some embodiments, a behavior correction
module 218 may be configured to receive a set of behav-
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ior correction actions from a service provider computer
206 and to execute one or more of the actions. For ex-
ample, in some embodiments, the behavior correction
module 218 may be configured to provide a recommen-
dationfor correcting potentially dangerous driving behav-
jors. Insome embodiments, the behavior correction mod-
ule 218 may be configured to cause one ormore functions
of the vehicle to be activated. By way of example, the
behavior correction module 218 may be configured to
cause the initiation of a vehicle’s braking system to cor-
rect speeding behavior. In another example, the behavior
correction module 218 may be configured to cause alock-
ing of a steering wheel within the vehicle.

[0024] In some examples, the network(s) 208 may in-
clude any one or a combination of many different types
of networks, such as cable networks, the Internet, wire-
less networks, cellular networks, and other private and/or
public networks. It is also noted that the described tech-
niques may apply in other client/server arrangements,
as well as in non-client/server arrangements (e.g., locally
stored applications, peer to-peer systems, etc.). In an
exemplary embodiment, the processor device 304 may
communicate with a network hub using one or more wire-
less communication networks (e.g., 3G, 4G, etc.). The
network hub may, in turn, utilize a physical connection
(e.g., copper cable, T1, Ethernet, etc.) to communicate
with the service provider computer at a network address.
[0025] The service provider computer 206 may be any
type of computing device such as, but not limited to, a
mobile phone, a smart phone, a personal digital assistant
(PDA), a laptop computer, a desktop computer, a server
computer, a thin-client device, a tablet PC, etc. Addition-
ally, it should be noted that, in some embodiments, the
service provider computer 206 may be executed by one
or more virtual machines implemented in a hosted com-
puting environment. The hosted computing environment
may include one or more rapidly provisioned and re-
leased computing resources, which computing resourc-
es may include computing, networking, and/or storage
devices. A hosted computing environment may also be
referred to as a cloud-computing environment.

[0026] Inoneillustrative configuration, the service pro-
vider computer 206 may include at least one memory
220 and one or more processing units (or processor(s))
222. The processor(s) 222 may be implemented as ap-
propriate in hardware, computer-executable instructions,
firmware or combinations thereof. Computer-executable
instruction or firmware implementations of the proces-
sor(s) 222 may include computer-executable or machine
executable instructions written in any suitable program-
ming language to perform the various functions de-
scribed.

[0027] The memory 220 may store program instruc-
tions that are loadable and executable on the proces-
sor(s)210 and/or processor(s) 222, as well as data gen-
erated during the execution of these programs. Depend-
ing on the configuration and type of service provider com-
puter 206, the memory 220 may be volatile (such as ran-
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dom access memory (RAM)) and/or non-volatile (such
as read-only memory (ROM), flash memory, etc.). The
service provider computer 206 may also include addi-
tional storage 224, such as either removable storage or
non-removable storage including, but not limited to, mag-
netic storage, optical disks, and/or tape storage. The disk
drives and their associated computer-readable media
may provide non-volatile storage of computer-readable
instructions, data structures, program modules, and oth-
er data for the computing devices. In some implementa-
tions, the memory 220 may include multiple different
types of memory, such as static random access memory
(SRAM), dynamic random access memory (DRAM) or
ROM. Turning to the contents of the memory 220 in more
detail, the memory 220 may include an operating system
226 and one or more application programs or services
for implementing the features disclosed herein including
at least a module for tracking vehicle location data (ve-
hicle tracking module 228) and/or a module for assessing
driving behavior with respect to vehicle conditions (con-
dition assessment module 230). The memory 220 may
also include condition data 232, which provides data re-
lated to conditions, including location-specific conditions.
In some embodiments, the condition data 232 may be
stored in a database.

[0028] The memory 220 and the additional storage
224, both removable and non-removable, are examples
of computer-readable storage media. For example, com-
puter-readable storage media may include volatile or
non-volatile, removable or non-removable media imple-
mented in any method or technology for storage of infor-
mation such as computer-readable instructions, data
structures, program modules or other data. As used here-
in, modules may refer to programming modules executed
by computing systems (e.g., processors) that are part of
the processor device 204 or the service provider compu-
ter 206. The service provider computer 206 may also
contain communications connection(s) 234 that allow the
service provider computer 206 to communicate with a
stored database, another computing device or server,
user terminals, and/or other devices on the network(s)
208. The service provider computer 206 may also include
input/output (1/0) device(s) and/or ports 236, such as for
enabling connection with a keyboard, a mouse, a pen, a
voice input device, a touch input device, a display, speak-
ers, a printer, etc.

[0029] Turning to the contents of the memory 220 in
more detail, the memory 220 may include an operating
system 226, a database containing condition data 232,
and the one or more application programs or services for
implementing the features disclosed herein, including a
vehicle tracking module 228 and/or a condition assess-
ment module 230.

[0030] In some embodiments, the vehicle tracking
module 228 may be configured to receive an indication
of a vehicle’s location information from a processor de-
vice 204. The vehicle tracking module may be configured
to identify driving behaviors that may be relevant to a
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vehicle. For example, the vehicle tracking module 228
may identify a driving behavior exhibited by a vehicle
based on that vehicle’s current and past location data
and/or the input received from the processor device 204.
The vehicle tracking module 228 may compare the ve-
hicle’s current and past location data to predetermined
driving behavior data. In some embodiments, the vehicle
tracking module may periodically update the vehicle’s
location based on the received location information and
identify any new driving behaviors relevant to the vehicle.
Upon detecting a driving behavior relevant to the vehicle,
the service provider may communicate the driving be-
havior to a condition assessment module 230 to deter-
mine whether a current driving behavior exhibited by the
vehicle is appropriate in light of one or more conditions
affecting the vehicle. In some embodiments, the vehicle
tracking module 228 may track multiple vehicles simul-
taneously.

[0031] In some embodiments, the condition assess-
ment module 230 may be configured to receive an indi-
cation of one or more driving behaviors from the vehicle
tracking module 228, determine whether the driving be-
haviors are appropriate in light of one or more conditions
relevant to the vehicle, and generate a set of corrective
actions for a vehicle. In some embodiments, the condition
assessmentmodule 230 may query a condition database
232 to identify one or more driving conditions that are
relevant to the vehicle. In some embodiments, the con-
dition assessment module 230 may identify conditions
that are location specific. For example, the condition as-
sessment module 230 may identify weather conditions
local to the vehicle. In another example, the condition
assessment module may identify a curvature of a road
that the vehicle is currently traversing. In some embodi-
ments, the condition assessment module 230 may re-
ceive input from one or more input sensors of the vehicle
that indicate a condition of the vehicle.

[0032] In some embodiments, the service provider
may maintain a database of corrective actions that may
be takenin response to detecting aninappropriate driving
behavior with respect to vehicle conditions. In this exam-
ple, once the condition assessment module 230 has iden-
tified adriving behaviorrelevantto the vehicle, the service
provider may then query the database to identify an ap-
propriate action to correct the driving behavior. In some
embodiments the condition assessment module 230 may
compile a set of corrective actions configured to mitigate
various driving behaviors. Once the condition assess-
ment module 230 has generated a set of corrective ac-
tions, the set of corrective actions may be communicated
to the processor device 204.

[0033] Although depicted in FIG. 2 as being included
in the processor device 204 or the service provider com-
puter 206, it should be noted that any of the modules
described may be implemented on either the processor
device 204 or the service provider computer 206, regard-
less of where they are depicted. For example, in some
embodiments, the vehicle tracking module 228 and/or
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the condition assessment module 230 may be imple-
mented on, and executed from, the processor device
204.1n embodiments in which one or more of the modules
areincluded atthe service provider, the processor device
204 may transmit information obtained from the input
sensors to the service provider computer 206 to be proc-
essed by the service provider. For example, the proces-
sor device 204 may provide streaming location data to
the service provider computer 206.

[0034] FIG. 3 depicts an illustrative flow diagram illus-
trating a process for correcting driver behavior in accord-
ance with atleast some embodiments. In FIG. 3, a vehicle
system may include one or more processor devices 204.
The processor device 204 may be an example processor
device 204 of FIG. 2. Location data and/or input data
captured by the one or more processor devices 204 may
be transmitted to, and processed at, a service provider
206. The service provider 206 may be an example service
provider 206 of FIG. 2.

[0035] As described above, the processor device may
include an input collection module 302 configured to col-
lect input related to a vehicle and transmit that input to a
vehicle tracking module 304 at the service provider com-
puter 206. In some embodiments, the input collection
module 302 may be configured to determine whether in-
put collected by the one or more input sensors is within
an expected range. For example, in some embodiments,
the input detected by one or more input sensors may be
identified as being relevant to a vehicle condition or driv-
ing behavior if it is associated with a value above (or
below) a threshold value. In some embodiments, values
associated with input from one input sensor may only be
provided to the vehicle tracking module 304 upon deter-
mining that a value associated with input from a second
input sensor is above (or below) a predetermined value.
The input collection module 302 may collect input from
a variety of different input sensors and provide the input
to the vehicle tracking module 304. For example, the input
sensors may collect data related to the vehicle’s speed,
the vehicle’s external temperature, the vehicle’s tire pres-
sure, or any other suitable vehicle metric. Once the input
has been collected by the input collection module 302,
the input may be provided to a vehicle tracking module
304 on a service provider computer 206.

[0036] The vehicle tracking module 304 may be con-
figured to identify one or more driving behaviors exhibited
by a vehicle based on that vehicle’s current and past
location data and/or the input received from the proces-
sor device 204. The vehicle tracking module 228 may
analyze the vehicle’s current and past location data to
predetermined driving behavior data. For example, the
vehicle tracking module 228 may determine a vehicle’s
location at a first time and the vehicle’s location at a sec-
ond time. The vehicle tracking module 228 may then de-
termine a speed and or direction of the vehicle. In some
embodiments, the vehicle tracking module may periodi-
cally update the vehicle’s location based on the received
location information and identify any new driving behav-
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iors relevant to the vehicle. Upon detecting a driving be-
havior relevant to the vehicle, the service provider may
communicate the driving behavior to a condition assess-
ment module 306 to determine whether a current driving
behavior exhibited by the vehicle is appropriate in light
of one or more conditions affecting the vehicle. In some
embodiments, the vehicle tracking module 228 may track
multiple vehicles simultaneously.

[0037] Upon receiving driving behavior information for
a vehicle from the vehicle tracking module 228, the con-
dition assessment module 306 may be configured to de-
termine whether the driving behaviors are appropriate in
light of one or more conditions relevant to the vehicle.
Upon determining that the driving behaviors are inappro-
priate, the condition assessment module 306 may be
configured to generate a set of corrective actions for the
vehicle. In some embodiments, the condition assess-
ment module 306 may query a condition database 308
and receive condition information relevant to the vehicle.
In some embodiments, the conditions identified may be
location specific. For example, the condition assessment
module 306 may receive condition information on weath-
er conditions local to the vehicle. In another example, the
condition assessment module may identify a curvature
of aroad that the vehicle is currently traversing. In some
embodiments, the condition assessment module 306
may receive input from one or more input sensors of the
vehicle that indicate a condition of the vehicle. For ex-
ample, the condition assessment module 306 may re-
ceive an indication of a temperature outside the vehicle.
Upon determining that the temperature outside the vehi-
cle is at 0° or below, the condition assessment module
306 may determine that the vehicle is traveling inicy con-
ditions.

[0038] In some embodiments, the condition assess-
ment module 306 may generate a set of corrective ac-
tions for the vehicle. For example, the service provider
computer 206 may maintain a database or other storage
means that includes one or more actions that may be
executed to mitigate an inappropriate driving behavior.
In this example, upon determining that the vehicle is ex-
hibiting inappropriate driving behaviors, the condition as-
sessment module may query the database to identify a
corrective action that correlates to each of the identified
inappropriate driving behaviors. In some embodiments,
the condition assessment module 306 may identify a cor-
rective action which, when executed, may mitigate mul-
tiple inappropriate driving behaviors. The condition as-
sessment module 306 may compile each of the identified
corrective actions into a set of corrective actions, which
may subsequently be provided to a behavior correction
module 310 executed on the processor device 204.
[0039] The behavior correction module 310 may be
configured to execute one or more corrective actions in
order to mitigate an inappropriate driving behavior. In
some embodiments, the behavior correction module 310
may be configured to provide a notification to an operator
of the vehicle. To do this, the behavior correction module
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may transmit a warning signal to an output device 312.
For example, the behavior correction module may trans-
mit an audio notification to the vehicle’s speaker system.
In some embodiments, the behavior correction module
310 may be configured to cause a vehicle function to be
initiated. To do this, the behavior correction module 310
may be configured to transmit an adjustment signal to a
vehicle component 314 configured to execute on or more
vehicle functions. For example, the behavior correction
module 310 may be configured to transmit a signal to the
vehicle’s braking system that causes the braking system
to be activated.

[0040] Inaccordance with atleast some embodiments,
the behavior correction module may be configured to de-
termine that a vehicle is exhibiting a particular driving
behavior. Upon executing one or more corrective actions,
the behavior correction module 310 may subsequently
determine if the driving behavior has ceased. In some
embodiments, the set of corrective actions may include
multiple corrective actions determined to mitigate a single
driving behavior. The corrective behavior module 310
may be configured to execute each of these actions in a
sequence. For example, the behavior correction module
310 may execute a first action. Upon determining that
the first action was ineffective and the driving behavior
is still being exhibited, the behavior correction module
310 may execute a second action. By way of illustrative
example, the behavior correction module may determine
that a vehicle is speeding. Upon making this determina-
tion, the behavior correction module 310 may first provide
a warning or recommendation to the driver to reduce the
speed of the vehicle. After a predetermined time, the be-
havior correction module 310 may determine that the
speed of the vehicle has not decreased. Upon making
that determination, the behavior correction module 310
may execute an action to apply the braking system and
slow the vehicle.

[0041] FIG. 4 depicts an illustrative flow chart showing
a process that may be performed at a server external to
avehicle in accordance with at least some embodiments.
The process 400 is illustrated as a logical flow diagram,
each operation of which represents a sequence of oper-
ations that can be implemented in hardware, computer
instructions, or a combination thereof. In the context of
computer instructions, the operations represent compu-
ter-executable instructions stored on one or more com-
puter-readable storage media that, when executed by
one or more processors, perform the recited operations.
Generally, computer-executable instructions include
routines, programs, objects, components, data struc-
tures, and the like that perform particular functions or
implement particular data types. The order in which the
operations are described is not intended to be construed
as a limitation, and any number of the described opera-
tions can be omitted or combined in any order and/or in
parallel to implement this process and any other proc-
esses described herein.

[0042] Some or all of the process 400 (or any other
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processes described herein, or variations and/or combi-
nations thereof) may be performed under the control of
one or more computer systems configured with execut-
able instructions and may be implemented as code (e.g.,
executable instructions, one or more computer programs
or one or more applications). In accordance with at least
one embodiment, the process 400 of FIG. 4 may be per-
formed by at least the one or more service provider com-
puter 206 shown in FIG. 2. The code may be stored on
a computer-readable storage medium, for example, in
the form of a computer program including a plurality of
instructions executable by one or more processors. The
computer-readable storage medium may be non-transi-
tory.

[0043] Process 400 may begin at 402, when vehicle
parameters are identified with respect to a vehicle. The
vehicle parameters may be received from the vehicle it-
self or from a vehicle monitoring system. The process
400 may identify the vehicle driving behaviors based at
least in part on the identified vehicle parameters at 404.
In some embodiments, the process may identify vehicle
movement patterns from vehicle location information.
The vehicle movement patterns may correlate to vehicle
movement patterns stored in a movement pattern data-
base.

[0044] Once the process 400 has identified driving be-
haviors exhibited by the vehicle, it may determine one or
more conditions that may potentially impact the vehicle
at406. For example, local weather patterns may be iden-
tified. In another example, the process may identify de-
tails related to the roads upon which the vehicle is
traveling. The process may subsequently determine
whether each of the identified driving behaviors is appro-
priate under the identified conditions.

[0045] For each of the identified driving behaviors, the
process 400 may determine whether the identified driving
behavior is appropriate in view of the conditions at 408.
For example, one or more values associated with the
driving behavior may be compared to a range of accept-
able values. In some embodiments, the range of accept-
able values may be determined based on the identified
conditions. Upon determining that the driving behavior is
within a range of acceptable values, the driving behavior
may be ignored at 410. If the driving behavior is outside
the range of acceptable values, then the process may
determine that the driving behavior is inappropriate. As
illustration, a value of current driving speed may be de-
termined and this value may be compared to a range of
acceptable speed values predetermined for a segment
of road in which the vehicle is traveling. For instance, the
predetermined speed values may specify a maximum
speed value of 70 miles one hour and a minimum value
of 55 miles one hour such that this range represents safe
driving required for this segment of road. As another il-
lustration, a value of current driving speed variation may
be determined, for example a 40 mile/hour variation. This
may indicate that driver is suddenly speeding or slowing
down erratically, which could mean the driver is engaging



13 EP 3 188 154 A1 14

in racing like driving behavior. A range of driving variation,
e.g., 5-10 miles/hour may be compare to the current driv-
ing speed variation value to determine if the driver is en-
gaging dangerous driving behavior.

[0046] Upon identifying inappropriate behavior, the
process may identify one or more corrective actions ca-
pable of correcting the inappropriate behavior at412. Up-
on identifying a corrective action, the process may de-
termine whether the identified corrective actions is an
effective one. Each of the identified corrective actions
may be appended to a set of corrective actions at 414.
After assessing each driving behavior, the process may
determine whether any other driving behaviors should
be evaluated at 416. Upon determining that the no other
driving behaviors are present, the process may terminate
by providing the set of corrective actions to a processor
device of a vehicle at 418.

[0047] FIG. 5 depicts an illustrative example imple-
mentation of the vehicle system in accordance with at
least some embodiments. In FIG. 5, a service provider
502 may have access to one or more databases of con-
dition data 504. The service provider may be in commu-
nication with one or more vehicles 506 via a wireless
communication means.

[0048] In some embodiments, the condition data 504
may be maintained by a third party entity (an entity un-
affiliated with the service provider). For example, the
service provider 502 may access a weather database
maintained by a weather monitoring service. Insome em-
bodiments, the condition data 504 may comprise multiple
databases. For example, the condition data 504 may be
separated by a type of the condition or a geographic lo-
cation.

[0049] By way of illustration, consider a scenario in
which a vehicle 506 is exhibiting driving behavior con-
sistent with swerving (moving in a zigzagging pattern).
In this illustrative example, the service provider 502 may
determine that the road that the vehicle is traveling on is
straight, or at least does not follow the curvature patterns
consistent with the driving pattern exhibited. Upon deter-
mining, from the received vehicle location information,
that the vehicle is exhibiting driving behavior inconsistent
with the curvature of the road, the service provider may
determine that the vehicle is swerving. In this illustrative
example, the service provider 502 may determine that
activating an electronic stability control system may mit-
igate the swerving behavior. In addition, the service pro-
vider may determine that locking the steering wheel col-
umn of the vehicle may also mitigate the driving behavior.
In this example, the service provider 502 may generate
a set of corrective actions that include these potentially
mitigating actions.

[0050] In the described example, the service provider
502 may transmit the set of corrective actions to the ve-
hicle 506 to be executed. In some embodiments, the ve-
hicle may execute the corrective actions sequentially. For
example, the electronic stability control system of the ve-
hicle may be initiated first. Upon determining that the ve-
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hicle is still swerving, the vehicle’s steering column may
be locked in order to prevent further swerving.

[0051] FIG.6depicts anillustrative flow diagram show-
ing a process for identifying and correcting inappropriate
driving behavior in accordance with at least some em-
bodiments. Process 600 may begin at 602, when input
information associated with a processor device is re-
ceived from one or more input sensors. The input infor-
mation may be assessed to identify one or more driving
pattern exhibited by a vehicle in which the processor de-
viceisinstalled at 604. For example, the input information
may be compared to stored driving pattern information
to identify similarities. In some embodiments, this portion
of the process may be performed by the processor device
itself. In some embodiments, this portion of the process
may be performed by a service provider computer exter-
nal to the vehicle.

[0052] Insomeembodiments,the process may identify
one or more conditions relevant to the vehicle at 606.
The identified relevant conditions may be any condition
that may affect the driving behavior of, or probability of
an accident for, a vehicle. For example, the conditions
may comprise local weather conditions, a temperature
external to the vehicle, a curvature of a road that the
vehicle is traveling upon, or any other suitable condition
that may affect the vehicle.

[0053] Oncedriving patterns and conditions have been
identified, the process may determine whether the driving
behavior is appropriate in light of the conditions at 608.
In some embodiments, this may be determined by com-
paring a value associated with the driving behavior with
athreshold or a range of acceptable values. Upon deter-
mining that the value associated with the driving behavior
is outside of the acceptable range of values, the process
may determine that the driving behavior is inappropriate.
The process may subsequently identify one or more ac-
tionsintended to cease the inappropriate driving behavior
at 610. In some embodiments, the actions may be iden-
tified based on a type of driving behavior exhibited. For
example, if the vehicle is traveling to fast, then the proc-
ess may identify actions intended to prevent vehicle
speeding. In this example, the process may identify an
action to activate the vehicle’s braking system, an action
to decrease the sensitivity of the vehicle’s throttle, an
action to warn the operator of the vehicle that the vehicle
is speeding, or any other appropriate action. The process
may identify one or more actions for each of the identified
inappropriate driving behaviors and compile a set of ac-
tions to be executed by the processor device installed
within the vehicle. This compiled set of actions may be
provided to the processor device at 612.

[0054] By way ofillustrative example, considerthe sce-
nario in which a processor device determines that a ve-
hicle is traveling at 40 miles per hour. The process 600
may determine thatthe speed limit on the road is 40 miles
per hour and that it is currently raining. The processor
device may also receive an indication that the vehicle’s
tire pressure is low. The process may calculate that, in
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light of the wet road conditions and the low tire pressure,
a safe traveling speed for this vehicle may be 25-28 miles
per hour. The process may then determine that a
traveling speed of 40 miles per hour is inappropriate. Up-
on making this determination, the process may compile
a list of actions intended to reduce the speed of the ve-
hicle to within the desired range.

[0055] The specification and drawings are, according-
ly, tobe regarded in an illustrative rather than a restrictive
sense. It will, however, be evident that various modifica-
tions and changes may be made thereunto without de-
parting from the broader spirit and scope of the disclosure
as set forth in the claims.

[0056] Other variations are within the spirit of the
presentdisclosure. Thus, while the disclosed techniques
are susceptible to various modifications and alternative
constructions, certain illustrated embodiments thereof
are shown in the drawings and have been described
above in detail. It should be understood, however, that
there is no intention to limit the disclosure to the specific
form or forms disclosed, but on the contrary, the intention
is to cover all modifications, alternative constructions and
equivalents falling within the spirit and scope of the dis-
closure, as defined in the appended claims.

[0057] The use of the terms "a" and "an" and "the" and
similar referents in the context of describing the disclosed
embodiments (especially in the context of the following
claims) are to be construed to cover both the singular
and the plural, unless otherwise indicated herein or clear-
ly contradicted by context. The terms "comprising," "hav-
ing," "including," and "containing" are to be construed as
open-ended terms (i.e., meaning "including, but not lim-
ited to,") unless otherwise noted. The term "connected"
is to be construed as partly or wholly contained within,
attached to, or joined together, even if there is something
intervening. Recitation of ranges of values herein are
merely intended to serve as a shorthand method of re-
ferring individually to each separate value falling within
the range, unless otherwise indicated herein and each
separate value is incorporated into the specification as
if it were individually recited herein. All methods de-
scribed herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples,
or exemplary language (e.g., "such as") provided herein,
is intended merely to better illuminate embodiments of
the disclosure and does not pose a limitation on the scope
of the disclosure unless otherwise claimed. No language
in the specification should be construed as indicating any
non-claimed element as essential to the practice of the
disclosure.

[0058] Disjunctive language such as the phrase "at
least one of X, Y, or Z," unless specifically stated other-
wise, is intended to be understood within the context as
used in general to present that an item, term, etc., may
be either X, Y, or Z, or any combination thereof (e.g., X,
Y, and/or Z). Thus, such disjunctive language is not gen-
erally intended to, and should not, imply that certain em-
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bodiments require at least one of X, atleast one of Y, or
at least one of Z to each be present.

[0059] Preferred embodiments of this disclosure are
described herein, including the best mode known to the
inventors for carrying out the disclosure. Variations of
those preferred embodiments may become apparent to
those of ordinary skillin the artupon reading the foregoing
description. The inventors expect skilled artisans to em-
ploy such variations as appropriate and the inventors in-
tend for the disclosure to be practiced otherwise than as
specifically described herein. Accordingly, this disclosure
includes all modifications and equivalents of the subject
matter recited in the claims appended hereto as permit-
ted by applicable law. Moreover, any combination of the
above-described elements in all possible variations
thereof is encompassed by the disclosure unless other-
wise indicated herein or otherwise clearly contradicted
by context.

[0060] All references, including publications, patent
applications and patents, cited herein are hereby incor-
porated by reference to the same extent as if each ref-
erence were individually and specifically indicated to be
incorporated by reference and were setforth in its entirety
herein.

Claims
1. A vehicle apparatus, comprising:

- one or more input sensors; and
- a processor device configured to:

- receive input information from the one or
more input sensors;

- determine a vehicle behavior based on the
received input information;

- identify a condition within a vicinity of the
vehicle apparatus;

- determine that one or more values asso-
ciated with the vehicle behavior is outside
a range of acceptable parameters associ-
ated with the identified condition;

- identify a set of actions determined to
cease the vehicle behavior; and

- cause at least one action from the set of
actions to be executed.

2. The vehicle apparatus of claim 1,
wherein the vicinity comprises a predetermined dis-
tance, and/or
wherein the range of acceptable parameters asso-
ciated with the identified condition is calculated
based at least in part on the input information.

3. The vehicle apparatus of claim 1 or 2,
further comprising an antenna device configured to
enable communication between the vehicle appara-
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tus and a service provider computer,
wherein the processordevice is further configured to:

- provide at least a portion of the input informa-
tion to the service provider; and

- receive an indication of the condition within the
vicinity of the vehicle apparatus from the service
provider computer.

The vehicle apparatus of one of the preceding
claims,

wherein the set of actions includes multiple actions
determined to cease the vehicle behavior.

A method comprising:

- receiving, from a processor device, input infor-
mation associated with the processor device;

- determine, based at least in part on the re-
ceived inputinformation, atleast one driving pat-
tern exhibited by the vehicle;

- identify a condition affecting the vehicle;

- determine that a value associated with the at
least one driving pattern exhibited by the vehicle
deviates from at least one parameter associated
with the condition affecting the vehicle;

- determine at least one action to be used to
deter the at least one driving pattern exhibited
by the vehicle; and

- provide the at least one action to the processor
device.

The method of claim 5, further comprising:

receiving, from a processor device, location in-
formation associated with the processor device,
wherein the condition affecting the vehicle is
identified based at least in part on the location
information.

The method of claim 5 or 6,

wherein the condition affecting the vehicle is a
weather condition, and/or

wherein the condition affecting the vehicle is a cur-
vature of a road that the vehicle is traveling upon.

The method of one of claims 5to 7,

wherein the driving pattern exhibited by the vehicle
is determined by comparing the input information to
predetermined driving pattern information.

The method of one of claims 5 to 8,

wherein providing the at least one action to the proc-
essor device comprises providing computer execut-
able instructions that, when executed, cause the at
least one action to be initiated.

10. The method of one of claims 5 to 9,
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10

1.

12.

13.

14.

15.

wherein the input information is collected using at
least one of an accelerometer, a camera, a micro-
phone, a thermometer, a speedometer, a humidity
sensor, a tire pressure gauge, or a pressure Sensor.

A vehicle system, comprising:

- a processor device; and

- amemory including instructions that, when ex-
ecuted with the processor device, cause the sys-
tem to, at least:

- identify a driving pattern exhibited by a ve-
hicle;

- identify one or more conditions affecting
the vehicle;

- determine, based at least in part on the
one or more conditions, that the driving pat-
tern exhibited by the vehicle is inappropri-
ate;

- determine an action to stop the driving pat-
tern; and

- cause the action to be executed by the
vehicle.

The vehicle system of claim 11,
wherein the driving pattern is identified using location
information for the vehicle.

The vehicle system of claim 11 or 12,
wherein the processor device is installed within the
vehicle, or in a server external to the vehicle.

The vehicle system of one of claims 11 to 13,
wherein the driving pattern exhibited by the vehicle
comprises the vehicle traveling too fast, and/or
wherein the driving pattern exhibited by the vehicle
comprises swerving of the vehicle.

The vehicle system of one of claims 11 to 14,
wherein the action to stop the driving pattern com-
prises activating a braking system of the vehicle.
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